As the importance of evidence-based practice continues to be promoted, so the profile of the systematic review grows. In the late 1980s Mulrow (1) highlighted that many traditional, medical reviews were haphazard and biased, often reflecting the opinion of the review's authors. In contrast, systematic reviews follow explicit, well-documented, scientific methodology in order to reduce both systematic errors (biases) and random errors (those occurring by chance) and provide a more objective, comprehensive view of the research literature.
As the importance of evidence-based practice continues to be promoted, so the profile of the systematic review grows. In the late 1980s Mulrow (1) highlighted that many traditional, medical reviews were haphazard and biased, often reflecting the opinion of the review's authors. In contrast, systematic reviews follow explicit, well-documented, scientific methodology in order to reduce both systematic errors (biases) and random errors (those occurring by chance) and provide a more objective, comprehensive view of the research literature.
The rationale for systematic reviews has been well documented (2, 3) . In addition to the reduction in bias, one of the many advantages of systematic reviews is that they enable us to reduce the increasing torrent of both published and unpublished research literature into manageable portions. Within dentistry alone there are around 500 journals publishing over 43 000 research articles a year. It is not feasible to expect anyone to keep abreast of the emerging research evidence, identifying those articles that are both of a high quality and relevant to their own clinical practice.
In recent years, the interest in systematic reviews, their production, and their publication, has been growing. Yet, despite the well-documented advantages of this scientific technique, some are still doubtful about the usefulness of such reviews. These doubts are often based upon misconceptions regarding the Ôhistory, purpose, methods and uses of systematic reviewsÕ (4) .
In order to promote further the role of the systematic review and dispel criticism aimed at them, it is imperative that those undertaking systematic reviews ensure that the reviews are of high quality and follow a rigorous, ÔtransparentÕ protocol. In order to assess whether a systematic review has followed such a protocol, the reporting of the review has to be sufficiently detailed. Guidelines for the reporting of systematic reviews of both randomized controlled trials and observational studies have been proposed (5, 6) .
The Cochrane Collaboration (www.cochrane.org) is an international organization that aims to prepare and maintain rigorous systematic reviews in order to help people make well-informed decisions about health care. The Collaboration has over 50 review groups focusing on different aspects of health care. The reviews produced by each group undergo rigorous peer review, with the protocols of the reviews published in The Cochrane Library, and are open to all for further comments and criticism. The Cochrane Library is a useful resource for all those interested in evidence-based practice. Not only does it include the systematic reviews produced by the Cochrane review groups, it also contains several other databases including the Cochrane Controlled Trials Register (CCTR -a bibliography of controlled trials identified The aim of this study was to assess the quality of systematic reviews of effectiveness of interventions in dentistry. The Database of Abstracts of Reviews of Effectiveness and the Cochrane Database of Systematic Reviews were searched to identify systematic reviews examining the effectiveness of interventions for oral, dental and craniofacial disorders and diseases. Sixty-five reviews were identified and assessed independently by two reviewers. The area most frequently evaluated within the reviews was pain relief/ prevention (20/65, 31%) followed by caries and oral medicine. The quality assessment of the identified systematic reviews highlighted key areas where improvements could be made. One major weakness of the reviews was that the search strategies employed were not always adequate. Only 12 reviews (19%) demonstrated an attempt to identify all relevant studies. Other areas of weakness include the screening and quality assessment of primary studies, the pooling of data and examination of heterogeneity, and the interpretation of findings. This investigation shows that the quality of systematic reviews in dentistry could be improved. If future clinical decisions are to be based upon systematic reviews, it is imperative that the reviews address clinically relevant, focused questions and follow a ÔtransparentÕ, well-designed protocol. through electronic and handsearching), the NHS Economic Evaluation Database (NHS EED) and the Database of Abstracts Reviews of Effectiveness (DARE). DARE (also available through the NHS Centre for Reviews and Dissemination homepage at www.york.ac.uk/Inst/crd) contains structured abstracts assessing and summarizing published systematic reviews that have met predefined quality criteria.
Given the continued discussions around evidencebased practice and systematic reviews, the aim of this study was to assess the quality of systematic reviews of effectiveness conducted in the field of dentistry.
Methods

Search strategy
The Database of Abstracts of Reviews of Effectiveness provides a good source of systematic reviews, compiled through rigorous, monthly searches of bibliographic databases, hand-searching of key major medical journals, and by scanning grey literature electronic databases (covering publications such as technical report and discussion papers). DARE was established in 1994 although the database does hold records of some systematic reviews published prior to this date (identified on an ad hoc basis). The databases currently searched are:
In order to identify reviews of interventions in the dental field, the Cochrane Oral Health Group's (COHG) search strategy was applied to DARE (1994 to January 2001) accessed through The Cochrane Library. In addition, all completed systematic reviews registered by the COHG on the Cochrane Database of Systematic Reviews were retrieved.
Inclusion criteria
All systematic reviews examining the effectiveness of interventions for oral, dental and craniofacial disorders and diseases were included in the review.
It was recognized that some reviews do not focus entirely on dental studies. For example, systematic reviews examining the effectiveness of analgesics for postoperative pain relief often include trials of patients that have undergone a variety of surgical procedures. Where such reviews included studies conducted in a dental setting alongside studies conducted in medicine, then the reviews were included in the quality assessment.
Assessment of relevance
The results of the search strategy were divided between the four reviewers. Each title was assessed independently by two reviewers (one clinician and one methodologist) and the full paper article retrieved for those meeting the inclusion criteria. Any discrepancies were resolved through discussion, with the full article being retrieved for clarification, if necessary.
Assessment of validity
A quality assessment checklist was devised and piloted by all four reviewers on a sample of 10 reviews. The items examined on the checklist included are listed in Table 1 . In addition to the quality items, data on the area of dentistry examined (e.g. orthodontics, restorative dentistry) ( Table 2 ) and the type of intervention were recorded. The validity assessment form was piloted on 10 reviews by all four reviewers. Areas of ambiguity were discussed and the assessment form revised.
Each systematic review meeting the inclusion criteria was then assessed independently by two reviewers (one clinician and one methodologist) and discrepancies resolved through discussion.
Data analysis
The results of the validity assessment were managed in SPSS software and the number of reviews meeting each quality criteria recorded. Overall quality scores for each review were not produced as such summary scores have been shown to be problematic (7) .
Results
A total of 115 titles were identified through the searching of DARE (16 January 2001). After initial assessment of the titles identified through DARE, 65 articles 1 (8-72) were deemed potentially relevant for the review and the full articles were sought. Four of these articles were subsequently excluded (8-11). Reasons for exclusion were: the articles were summaries or abstracts of systematic reviews that did not report the review methodology in sufficient detail for assessment (8-10); the paper focused purely on the validity assessment of papers and did not present the whole systematic review (11) . In addition, the full version of one article was unattainable at the time of assessment (12) .
In addition to the 60 full reviews identified for inclusion through DARE, a further five reviews were retrieved from the Cochrane Database of Systematic reviews (73) (74) (75) (76) (77) , thus a total of 65 reviews were included for assessment (13-77). 2 The number of reviews published in each year since 1990 can be seen in Fig. 1 .
The piloting of the validity assessment form led to alterations regarding the search strategy used. Initially, the validity assessment form asked ÔDo you think all important relevant studies were included in the review?Õ. It was felt that the answering of such a question would require a sound knowledge of the subject covered in the review. Given the wide spread of topics covered by the systematic reviews, this question was consistently being answered with ÔCanÕt tell'. The question was therefore reworded to ÔDo you think the authors attempted to identify all relevant studies?Õ, which did not require such a detailed knowledge of the subject matter, but considered the comprehensiveness of the search.
In addition, the initial form required a decision to be made on whether or not the review had searched for nonEnglish language articles. There was much variation in the number of non-English languages considered within the reviews therefore the question was re-worded to ÔWere all languages considered?'.
Two questions regarding the application of the inclusion criteria and quality assessment carried out within the systematic reviews also required modification. These were initially worded as ÔWere (inclusion/validity) criteria applied independently by at least two reviewers?Õ. The wording was changed to ÔWas it stated that…Õ (see Table 1 ).
Inter-rater agreement
There were four raters, two clinicians and two methodologists. At least one clinician and one methodologist n ¼ 65 for all assessments. Table 2 Areas of dentistry addressed in the systematic reviews Areas of dentistry covered by the systematic reviews
Of the 65 systematic reviews including studies in the field of dentistry, 20 (31%) focused on pain ( Table 2 ). Only three of these reviews focused on dental pain alone (13-15), the remainder of the reviews pooled studies set in both dental and medical settings. The other areas most frequently evaluated within the systematic reviews were periodontics, caries, oral medicine, and oral maxillofacial surgery.
Type of intervention
Forty-five of the systematic reviews focused on the treatment of a disease or disorder (69%) ( Table 3) . Seven of these reviews also evaluated the associated sideeffects of the intervention (11%) and three provided information on both treatment and prevention (5%). Prevention alone, diagnosis and adverse events alone were covered in 11 (17%), five (8%) and four (6%) of the reviews, respectively.
Results of quality assessment
The results of the validity assessment can been seen in Table 4 (owing to restrictions in space, a table providing the results of the quality assessment of the individual reviews is available from the authors on request). The results for the quality assessment of the 20 pain reviews are also presented separately to examine whether reviews conducted in medical/dental settings differed in quality from those conducted in dental settings alone. The percentage of pain reviews meeting each of the 15 quality criteria was higher for 12 of the criteria; however, when comparing the pain reviews with the other reviews there was only a statistically significant difference for 'Did the authors look for appropriate papers' (v 2 ¼ 10.2, 1 df, P < 0.001).
Fifty-six (86%) of all 65 reviews addressed a clearly focused question, in which it was apparent what types of participants, interventions and outcome measures were included in the review. Seventy-four per cent of the reviews looked for studies of an appropriate design to answer their questions. Randomized controlled trials (RCTs) were included in 42 of the 65 reviews (65%). The number of RCTs included in these reviews ranged from two to 90 RCTs, with a median of 14 RCTs in each review. Of these 42 reviews, 33 included only RCTs, and a further seven only RCTs and controlled clinical trials (CCTs).
For the other 23 reviews, CCTs were the highest level of evidence included in six of the reviews, and cohort studies in three reviews. Other studies used lower levels of evidence or were unclear about the study designs included. In one review it was also unclear how many studies were included. For the remaining 64 reviews, the total number of studies included in reviews ranged from three to 116, with a median of 15 studies per review.
When examining how comprehensive the search strategies were within the reviews, it was felt that only 12 reviews (19%) demonstrated that they had attempted to identify all relevant studies. All 12 of these reviews were published between 1996 and 2001.
The most frequently searched electronic database was Medline, which was searched by 63 of the systematic reviews (97%). Embase was searched in 17 reviews (26%), the CCTR in 10 reviews (15%) and BIDS searched in only four reviews (6%). Other databases were also searched in 33 of the reviews included. One review mentioned three unspecified databases.
Only eight reviews searched for published and unpublished literature and considered all languages. Of these eight reviews only five had carried out handsearching in addition to electronic database searching.
Inclusion criteria were often clearly described. However, in only 24 of the 65 reviews (37%) was it explicitly stated that the inclusion criteria were applied independently by at least two reviewers. Validity assessment of the primary studies included in the systematic reviews was undertaken in 39 reviews (60%). Of these 39 reviews, only 24 stated that the assessment had been conducted independently by at least two reviewers, and only 25 included the results of the quality assessment exercise in the review's analysis.
The majority of the reviews conducted a meta-analysis (46/65, 71%), with 16 reviews pooling data narratively (25%). In two reviews it was unclear how the data had been pooled. Data pooling was classed as appropriate in 37 of the systematic reviews. For pooling to be classed as appropriate, the review needed to consider heterogeneity between studies and give a clear presentation of the characteristics of the primary studies included in the review.
The assessment of the interpretation of the reviews' findings is subjective, and is reflected in the wide range in per cent agreement (Table 1 ). Reviews in which the data pooling was inappropriate or unclear were marked Ônot applicableÕ. Of the remaining 42 reviews, 33 were thought to have interpreted the results appropriately. In two reviews the interpretation of the results was clearly inappropriate, and in a further seven reviews it was not possible for a judgement to be made.
Discussion
It is encouraging to see that there are already over 60 systematic reviews in the field of dentistry, covering a wide range of topics. It is interesting that the publication rate has risen well from 1990 to 1999. The fall in the number of reviews published since 1999 identified in this study is perhaps a reflection of the nature of our search rather than a true drop in the number of systematic reviews being published. The search strategy focused on systematic reviews with abstracts published on DARE.
The process undertaken to identify and appraise systematic reviews before they appear on DARE is lengthy. Inevitably, there is a time delay between systematic reviews being identified, appraised and an abstract being published on DARE. The time delay is just over 2 yr, which means that systematic reviews published in 2001 and 2000, and some of those published in 1999, were still awaiting appraisal and will not have been included in our assessment. However, it was felt that the assessment undertaken reflects the quality of systematic reviews that are easily accessible to dentists, given that DARE is freely available on the Internet and does not require complex searching to identify the reviews. The only reviews included in our assessment that have been published since 1999 are those registered with the Cochrane Oral Health Group (COHG). At present, the COHG has 16 completed reviews (11 published following our initial assessment), 29 published protocols and a further 30 registered titles/protocols. Considering Cochrane reviews alone, it is envisaged that the number of systematic reviews in the field of dentistry will continue to increase.
The quality assessment of the systematic reviews identified highlighted key areas where improvements could be made in the conduct of the reviews. One of the major weaknesses of the systematic reviews was that the search strategies reported were not always adequate. The aim of a systematic review is to provide a comprehensive, unbiased summary of current research evidence. In order to achieve this aim, a systematic review must use a transparent and inclusive search. Ideally, the search strategy for a systematic review should aim to identify all published and unpublished data, irrespective of language. There is good evidence that research findings showing statistically significant results are more likely to be submitted and accepted for publication (79, 80) , and more likely to be published in English language journals (81) . By excluding unpublished and non-English lan- Table 4 Results of the quality assessment for the 65 reviews 48 (74) 9 (14) 8 (12) 20 (100) C. Do you think authors attempted to identify all relevant studies? 12 (19) 45 (69) 8 (12) 4 (20) 12 (60) 4 (20) D. Search for published and unpublished literature? 17 (26) 39 (60) 9 (14) 6 (30) 11 (55) 3 (15) E. Were all languages considered?
17 (26) 26 (40) 22 (34) 7 (35) 6 (30) 7 (35) F. Was any hand searching carried out?
17 (26) 41 (63) 7 (11) 6 (30) 10 (50) 4 (20) G. Was it stated that the inclusion criteria were carried out by at least two reviewers?
24 (37) 41 (63) 6 (30) 12 (60) 2 (10) H. Did reviewers attempt to assess the quality of the included studies?
39 (60) 26 (40) 13 (65) 7 ( 37 (57) 10 (15) 12 (19) 6 (9) 13 (65) 1 (5) 5 (25) 1 (5) M. Are the results of the primary studies clearly displayed?
41 (63) 17 (26) 1 (2) 6 (9) 11 (55) 8 (40) 1 (5) N. Was an assessment of heterogeneity made and reasons for variation discussed?
29 (45) 24 (37) 12 (19) 10 (50) 8 (40) 2 (10) O. Were results of review interpreted appropriately? 33 (51) 2 (3) 7 (11) 23 (35) 13 (65) 6 (30) 1 (5) *n ¼ 39.
Systematic reviews in dentistry guage articles, the results of a systematic review are susceptible to such publication biases. It was disappointing to find that only eight (12%) of the systematic reviews included searched for both published and unpublished data with no language restriction. Similarly, only 17 (26%) of the reviews carried out hand-searching. Incomplete indexing and the lack of Ôkey wordsÕ in the titles and abstracts can make published articles difficult to identify through the searching of electronic databases such as Medline. A recent study comparing the results of a Medline search and hand-search of five major orthodontic journals (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) showed that hand-searching increased the yield of controlled clinical trials by 145% ( . It is reassuring to note that the reviews included in the assessment felt to have presented a comprehensive search strategy (12/65, 19%) were those published most recently (post-1996) .
When devising search strategies, future systematic reviews should consider a combination of the following: structured searches of electronic databases (including The Cochrane Library) using a combination of free text and controlled vocabulary (e.g. MeSH terms); handsearching of relevant journals or conference abstracts; screening of reference lists of all studies included and relevant review articles; contacting appropriate manufacturers/pharmaceutical companies and experts in the field.
In order to avoid selective inclusion of studies that support the reviewer's opinion, screening of search results to identify potentially relevant articles should, ideally, be undertaken independently by at least two reviewers. This process was explicitly stated in only 24 reviews (37%).
Only 39 (60%) of the reviews carried out a quality assessment of the primary studies included. Of these 39 reviews, 24 (62%) stated that the process was conducted independently by at least two reviewers, thus limiting bias. It is disappointing that so many reviews failed to undertake some form of quality assessment, as it has been shown that low quality primary studies can distort the findings of a systematic review. In addition, some of the reviews undertaking validity assessment failed to incorporate the findings of the assessment when analysing the results of the review. In order to establish the robustness of a review's findings, it is important that the validity of the studies included is assessed and a sensitivity analysis undertaken to evaluate the effect of including/excluding low quality trials.
The pooling of data within systematic reviews is not always appropriate. Systematic reviews can, but do not have to, use meta-analysis when combining data from primary studies. Indeed, it is not always appropriate to use meta-analysis, particularly when data are sparse or when the primary studies are heterogeneous (either clinically or statistically). Prior to conducting a metaanalysis, a reviewer should examine the consistency of the treatment effect across the primary studies. A statistical test of heterogeneity should be undertaken. If heterogeneity is considerable, consideration ought to be given to why the differences exist between the studies (examining the individual trial characteristics) and whether or not it is appropriate to pool the data statistically. If a meta-analysis is undertaken where heterogeneity exists, a random effects model should be used as this will incorporate an estimate of between study variation into the calculation of the common effect (82) . Over 70% of the systematic reviews examined did conduct a metaanalysis. When deciding whether the data had been pooled appropriately, the clear presentation of the characteristics of the primary studies, and a test of heterogeneity were considered. The pooling of data was deemed appropriate in 37 (57%) of the reviews.
One of the strengths of a systematic review process is objectivity. However, when it comes to the interpretation of the review's findings, objective conclusions can often be difficult to make, and reviewers may, consciously or not, interpret the results according to their own preconceptions. Indeed, even if the reviewer has no preconceptions, ambiguous results can still be interpreted in many different ways. A study undertaken on the interpretation of the results of a systematic review of fatmodifying diets highlights this issue (Hooper C, Higgins J, Glenny A, 2000, 3rd Symposium of systematic reviews: beyond the basics, Oxford, UK). Several of the results from the review hovered around the significant/non-significant border. Numerical data from the review were disguised by removing details of the interventions and outcomes, and circulated on two e-mail discussion lists (the Cochrane Collaboration list, CCINFO, and Mailbase list, Evidence Based Health). Members of the discussion lists were asked to vote on the most accurate interpretation of the data. Responses included Ôno significant evidence of effect on any outcomeÕ, Ôa trend towards protectionÕ, and Ôsignificant effect on disease outcomesÕ. The difficulty in interpreting results strengthens the argument that a systematic review should be a transparent process, with the reader of the review being able to identify what has been done at each stage. A clear presentation of the review methodology and characteristics of the primary studies included allows the reader the opportunity to establish whether or not they feel the interpretation of the results is fair.
We have to be aware that the quality assessment undertaken in this paper assesses only what has been reported in the reviews and may not always reflect how the review was actually conducted. Both the QUOROM statement (5) and MOOSE (6) provide guidelines on how to improve the reporting of systematic reviews/metaanalyses. The former focuses on meta-analyses of RCTs, while the latter discusses the reporting of meta-analyses of observational studies in epidemiology. Items covered in these checklists include those covered in Table 1 . However, both checklists are more detailed and, between them, cover additional items such as the provision of a structured abstract, a description/justification of excluded studies, the qualification of the searcher, rationale for any a priori sensitivity or subgroup analyses, quantitative assessment of bias (for example, publication bias), trial flow, and disclosure of funding. It is envisaged that such guidelines will improve not only the reporting of systematic reviews/meta-analyses, but also, by increasing the awareness of what is required in a goodquality review, the actual conduct of the review itself. It should be noted, however, that many of the criteria listed in these checklists, although now recognized as being important in the conduct of a systematic review, may not have been so when some of the earlier reviews included in this assessment were undertaken. Systematic reviews have an important role to play in evidence-based dentistry. However, their usefulness is totally dependent upon their validity. This investigation shows that the quality of systematic reviews in dentistry could be improved. If future clinical decisions are to be based upon systematic reviews, it is imperative that the reviews address clinically relevant, focused questions and follow a ÔtransparentÕ, well-designed protocol.
